INTRODUCTION
The interaction between human and the smart systems is mediated by the man-machine interface. The man-machine interface is the working premise of good user interface (UI) design. However, there are several forms to describe the UI such as, humancomputer interface.
Man-machine interface generally refers to the setup of control room in factories and may include software interface and hardware such as buttons, levers, controls to operate pumps, motors and indicators, alarms in the control room. All these equipment together form the interface between the human operator and the complex plant operations [1, 2] .
Human-computer interface has a more limited scope than man-machine interface and generally refers to the interaction between human and the electronic messaging generated by computers [3] .
What is referred to as UI has even more limited scope than the previous two definitions and generally refers to the interaction between the user and the software interface only [4] .
UI is the one that received most attention scientifically in terms of research due to its relevance to mobile telephone market [5] . Although not as much as UI, the other types of human computer interface also received attention regarding developing metrics for quality measurement [6] .
There are several parameters to measure the quality of UI such as, response time, feedback and directness of achieving tasks [5, 6] . Sections III and IV describe those quality parameters.
The purpose of this research is the development of a new concept in-line with machine intelligence quotient (MIQ). This concept describes the Intelligence level of user interface using a novel set of complex metrics. This metric that we propose are used as a quality and intelligence indicator of the user interface, ease of learning, error proneness, and much more which may inherently define quality of user interface.
MIQ is an objective evaluation tool which measures the intelligence level of machines. It is proven to be a very useful tool since the concept of intelligence is very difficult to describe even for human beings let alone machines. MIQ, in its most widely accepted version is defined as "degree which machine helps its human operator". The MIQ calculation has a mathematical framework which will be described in detail in the coming sections. However, its significance lies in the fact that, it describes intelligence level of machines based on their usefulness to the human operator.
In this study we adopt the concept of MIQ to human-computer interface and develop the concept of "user interface intelligence" to describe the quality of human computer interface.
The rest of this paper is organized as follows. In Section II we present the goals of this study. In Section III we discuss some of the previous work done in relevance with this study. Section IV describes the MIQ concept in more detail. Section V discusses the experiment conducted to build up sample data for the testing and the use of the framework. Section VI then discusses the results. We conclude in Section VII.
II. GOALS
These are the objectives of the research we are proposing:
• Develop a mathematical framework similar to MIQ for user interface intelligence, • Device, and define terminology for this new metric, • Test the developed metric with popular user interfaces with statistically correct number of users and compare intelligence level of different user interfaces, • Conduct a survey to see if the results produced makes sense to users,
III. LITERATURE REVIEW
There are various studies devoted to finding out how friendly a user interface is. This was achieved in different methods in different studies. A study by Park [5] studied how pleased users were to a touch user interface. The study targeted human emotion as the key for evaluating the user interface. The study that the authors provided was conducting an experiment of browsing through picture on an iPod by a sample of 30 students as the participants. The participants tested 18 different user interfaces that had different motion parameters, the different parameters were acceleration rate, responding duration and overshoot. After the use of a single interface the user is asked to give feedback on the interface by filling up a questionnaire. This was repeated for all 18 interfaces with all the 30 participants but in random order. To connect between emotion of the users and the user interface the authors developed a set of 11 bipolar affective attributes1, these attributes were selected to be relevant to the touch user interface. The attributes as well as the human emotion they relate to are listed in table 1 [5] .
The author refers to the visceral level as that which is produced from our physical senses which are the most immediate responses formed before the other levels. Following that level is the behavioral level which is related to the behavioral aspects of a 1 Affective quality refers to the feel and impression of an artifact and is commonly described with adjectives such as simple, light, or elegant [5] system. The last level is the reflective which consists of interpretations and reasoning influenced by different experiences and cultures. Their results showed that the parameter responsible for strongest influence on emotions was the responding duration whereas overshoot was the weakest. The authors also conducted a second similar experiment in the same study [5] but to investigate the emotional reaction to weight of force of the touch by the user. This study was directed to touch user interface software designers so they could realize how different parameters of feedback from the software could give a different reaction from users.
Unlike the authors of [5] Rauterberg [6] developed his own technique of measuring and quantifying usability of man machine interfaces. He came up with various terms and stated how they relate to each other and used them as his basis for identifying if the user interface would be classified as good or bad. Two of the terms introduced by the author were interactive directness 2 and visual feedback. Using these terms he differentiated between the three most common user interfaces Command Language, which refers to command line like interfaces, Menu Interface, which depends on menus and pop up dialogs, and Direct Manipulation, which is the well-known desktop style user interface. The author then classified them as seen in table 2.
After establishing this representation the author then compares his results with those from various previous empirical studies. When the author analyzed studies that compare Command Language interfaces with Menu interfaces the author found that there was no major difference between both and neither proved great advantage over the other. However, when examining studies that compared Command Language interface with Direct Manipulation interface, the latter showed great advantage over the former. 
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The study represented in [15] shows how the authors used the Item Response Theory (IRT) in order to measure the Usability Inspection Processes. The usability inspection processes is a critical process in which a program developer runs the interface under various tests to check for defects. The authors state that there has been no generalized measurement of usability inspection processes introduced yet. All the measurement techniques were either too specific or lacked precision. The authors use what is known as the IRT to develop its simplest basic form the Rasch model. This model was then tested and it proved to be successful. This model however can only be used to measure the inspection process of usability and not how intelligent the user interface is.
The authors of [7] addressed the current difficulties that usability specialists face while trying to determine if the interface is user friendly enough. The authors responded to the difficulties with existing usability engineering tools. Each problem that the specialists faced the authors noted it down as a usability problem (UP). Later the researchers were able to list the tools available for overcoming each UP and finally they performed a study to evaluate these solutions. However, again the study did not provide any means of quantifying or measuring the intelligence of the user interface.
Finally, Murphy [8] talks deeply about the designing of a user interface and how important it is. Murphy mentions that "When specifying a product, the user interface is often the most complex part of the customer requirements". This statement shows how important user interface (UI) is in a product. He also mentions that the UI of a certain organization may lead to either its rise against its competitors or its fall. Murphy gives so much importance to UI design that he goes as far as indicating that in a perfect world the user interface should be designed solely by a Human Computer Interface professional. He also mentions that there needs to be a continuous loop between engineering and marketing, where the marketing is in continuous contact with the consumer. However, the author mentions "One of the reasons it is so hard to evaluate and refine the user interface is because it is so hard to measure". This statement supports the importance of this project. Not only that but the author is also concerned that how does one know that if a certain change is made it would actually improve usability, and if it does is it worth it.
The author then continues to talk about various techniques that can be adopted for ensuring that a UI is in fact what a user would expect. He mentions in his paper that feedback from users is one of the most important tests in order to know if a UI has good usability or not is by observing users and studying their feedback. However, how that is conducted is very important, for instance the developer should not be present since the user might want to avoid offending the creator of the UI.
Reference [8] discusses the general idea of UIs and how important they are. Various statements in the paper showed that a measure of usability of an interface is very important and would prove itself very useful.
IV.
WHAT IS MIQ Machine Intelligence Quotient, MIQ, is a newly developed index used for measuring intelligence of automated systems. It was initially defined by Bien [9, 10] and Kim [11] and then other researchers came along to build on this concept developed by Bien and Kim. Some of these researches were conducted on factories as big as a nuclear power plant [12, 13] and others used the concept in a distributed network setup [14] . Finally, Ozkul [15] presented in his paper a more detailed process of successfully calculating the MIQ of a robot before and after it was given a visual unit. This research is discussed in further details in this section.
In reference [15] the author firstly described that in general an intelligent system comprises of three elements, and these are:
• Human operator • Intelligent machine • Non-intelligent component MIQ of the intelligent machine was defined as how much it could help the human operator in completing a required intelligent task. An intelligent task is made up of various smaller tasks, these tasks are represented in a set called T. this set can be represented as: T , , … ( 1 ) Each task may have a different complexity; this complexity can be represented by τ: τ τ , τ , τ … τ ( 2 ) Each task is defined as well as its complexity, the author then described two more variables for the calculation of the MIQ, these were Data Transfer Matrix F, which represented amount of data transferred between two tasks, and Task Allocation Matrix A which indicated which part of the system that each task was assigned to. The representation of these two matrices is seen below.
Were f ij represents amount of data being transferred from T i to T j .
Were column 1 represents tasks complete by the intelligent machine, column 2 represents tasks completed by the human operator and column 3 the tasks completed by the non-intelligent machine component.
Using these variables that the author defined he then was able to calculate what was known as the Control Intelligence Quotient (CIQ) and the Human Intelligence Quotient (HIQ). The author defined formulas for these new variables as:
Were Cmh and Chm are interface complexity values that define the difficulty of transferring the data from machine to human and from human to machine respectively. The author mentions that these variables indicate the difficulty of entering or interpreting data and that they vary from 0 to 1 and their value for a well-designed system would be approximately 0.05.
Finally since the author describes the MIQ as the contribution of the Intelligent machine alone to complete a certain task which would be the difference between the CIQ, which is the total effort by human and machine in completing the task, and the HIQ, which is the effort by the human for completing the task. Hence the author came up with the following equation:
MIQ CIQ HIQ
The author was then able to give an example of calculating the MIQ before and after a robot was upgraded with a visual unit. The results showed that before the visual unit the robot had an MIQ of 33 whereas after adding the unit the robots MIQ increased to 39. This proved how successful equation (7) is.
This research would use the calculation of MIQ developed by [13] in order to develop a new mathematical framework for the calculation of user interface intelligence.
V. EXPERIMENT

V.1. Experiment details
The experiment developed for this study was conducted in the American University of Sharjah, in the computer engineering graduate students' office. The participants that volunteered for this experiment were a total of 10 and their ages ranged from 19 up to 27. 6 of these participants where male while others where female. The maximum educational level of the members was a Bachelor's Degree.
The experiment was divided into two main parts. In the first part the volunteers were asked to complete certain functions on five different smartphones, picking them in a random order. The tasks to complete were:
1. Call a certain number. 2. Send a message containing a fixed text. 3. Set an appointment in the calendar. 4. Go to a webpage.
The second part required the same participants to complete the lock and unlock task as many times as possible in 30 seconds on each of the smart phones.
V.2. Experiment Scenario
Each of the participants entered the room and was asked to be seated on a desk and then was represented with a sheet of paper that stated the various tasks to be completed in the experiment. After carefully reading the document the participant was asked to sign it and was notified that the whole experiment would be recorded.
The participants then started the experiment by picking up a smartphone in a random order complete all the tasks as mentioned to them and then move on to the next phone. After completing the first part they were then asked to move on to the second part where they picked up the smartphones one by one in order and completed the lock and unlock task on each one of them. Finally before leaving the participants were asked to fill a survey regarding their experience with the smartphones.
VI. RESULTS
VI.1. Building the dataset
Each of the functions completed were represented by a task graph, which showed the various tasks required to complete a function and labeled by their complexities. The complexity of each task (τ was represented by the time taken to complete that task since time and complexity are proportional to each other. Table 3 shows the make a call function, it's tasks and the complexities of each task, which were calculated as the average time taken to complete the task by all the participants. Using the data collected we were able to draw the task graphs for each of the functions completed on all the phones. Figure 1 shows the task graph for the make a call function from table 3, where each task is represented by a circle containing Tn and the complexityτ, where n is the number of the task. Hence the set of complexity for the make a call function is:
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The tasks are divided into two areas one representing the tasks completed by the smartphone and the other represents the tasks completed by the user. Hence the allocation matrix for this function will have only two columns and will be equal represented by equation (9):
Some of the tasks however which are completed by the smartphone interface would have an unknown complexity and hence labeled as UI denoting user interface. These unknown complexities will then be taken care of in the next section.
Finally is setting up the data transfer matrix. The amount of data that is transferred from task n to task m in our case was represented by the number of clicks in given by the user in task n. The data transfer matrix will then be represented as: 
VI.2. Calculating the UIQ
Using the data gathered, as discussed in the previous section, we can calculate the CIQ by using equation (5) . Hence we get a value for CIQ as shown: The complexity of some tasks are u they are completed by the device, henc set certain fixed values as the CIQ for and kept it constant for all the phon difference. The values chosen by approximation of how much IQ a task w completion; they are listed in table 4. The same process was repe functions of all the smartphones a seen in figure 2.
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VI.3. Evaluating the results
In order to evaluate these res make sense to the public, the res are to be compared to the resu filled by the users after they us and see if they are in line. The res are seen in figure 3 and it is clear are very similar which proves the of the metric developed in this stu Figure 3 Results from The two graphs have disp "smartness" one by the metric a survey. The smartphones are then from 1 to 5, 1 being the smartest. ranks by the two different meth ranks of most of the smartpho functions are the same.
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eated for all of the and the final result is m metric sults and see if they sults from the metric ults from the survey sed the smartphones sults from the survey r that the two results e successful working udy. m survey played the level of and one by the users n going to be ranked Table 6 shows these ods and as seen the nes for the various The table shows a perfect match for the smartphone ranked as 1; however there is a trade between pairs of ranks 2, 3 and 4, 5. These small differences still prove that this metric provides reliable results since the difference is in only one position.
VII. CONCLUSION
This study introduces a metric that can calculate the smartness of a human-computer interface and concentrates on smartphones; this is because recently battles for market share in the smartphone market is getting more and more aggressive. This study can prove to be very useful for smartphone manufacturers, it can be used to determine whether the phone will be successful before it is released. This was proven by the comparisons in results from the calculations and from the survey by users.
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